Abstracts: Zirconium-based alloys, widely used for nuclear fuel cladding, are highly susceptible to hydrideinduced embrittlement. The degree of the hydride embrittlement is strongly affected by not only its concentration but also its morphology. The hydride can drastically reduce the mechanical properties of the cladding, especially when it is radially precipitated. Recently it has been reported that circumferential hydrides can re-precipitate into radial hydrides if applied hoop stress in the cladding exceeds a certain limit, so-called threshold stress, during the long-term dry storage of spent nuclear fuel. This hydride reorientation phenomenon is now considered as one of the most critical issues in the nuclear fuel industry, threatening cladding integrity during the steady state storage period as well as transportation of spent nuclear fuel. In fact, the phenomenon is known to be quite complex, and affected by numerous factors. In this paper, the major influential factors affecting reorientation issues, namely temperature, stress, number of thermal cycles, cooling rate, and hydrogen concentration, are reviewed. In addition, recent studies on the synergistic effects of the factors on the threshold stress triggering the reorientation are discussed in detail. Finally, summarizing conclusions for mechanistic understanding are drawn and recommendations for future work are made. 
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and fracture toughness (right) [8] of Zircaloy-4. Fig. 3 . Ductility degradation (upper) and DBTT increase (lower) of Zircaloy-4 cladding due to radial hydrides [19] . Fig. 4 . Burnup dependent hydrogen concentration in spent nuclear fuel [25] . Table 2 . Spent nuclear fuel integrity criteria for interim dry storage in USA [38] .
In order to assure integrity of the cladding material, the following criteria should be met:
1
For all fuel burnups (low and high), the maximum calculated fuel cladding temperature should not exceed 400 o C for normal conditions of storage and short-term loading operations (e.g., drying, backfilling with inert gas, and transfer of the cask to the storage pad). However, for low burnup fuel, a higher short-term temperature limit may be used, if the applicant can show by calculation that the best estimate cladding hoop stress is equal to or less than 90 MPa for the temperature limit proposed.
2
During loading operations, repeated thermal cycling (repeated heatup/cooldown cycles) may occur but should be limited to less than 10 cycles, with cladding temperature variations that are less than 65 o C each. 3 For off-normal and accident conditions, the maximum cladding temperature should not exceed 570 o C. Table 3 . Spent nuclear fuel integrity criteria for interim dry storage in Japan [39] . 
